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ABSTRACT 
Software testing techniques based on image recognition are 
disclosed . In various embodiments , a programmatically 
implemented image classifier is trained to recognize a screen 
shot image as being associated with a transaction end 
condition of a transaction . A test script configured to initiate 
an iteration of the transaction is run . A start time of the 
iteration of the transaction is recorded . Screen shot images 
are generated during performance of the iteration of the 
transaction to capture a series of screen shot images of at 
least a portion of a user interface display associated with the 
iteration of the transaction . The image classifier is used to 
find an earliest - captured image that matches the transaction 
end condition . A time associated with the matched image is 
used as a transaction end time to compute an end - to - end time 
to perform the iteration of the transaction . 
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SYSTEM AND METHOD FOR END TO END A detailed description of one or more embodiments of the 
PERFORMANCE RESPONSE TIME invention is provided below along with accompanying fig 

MEASUREMENT BASED ON GRAPHIC ures that illustrate the principles of the invention . The 
RECOGNITION invention is described in connection with such embodi 

5 ments , but the invention is not limited to any embodiment . 
BACKGROUND OF THE INVENTION The scope of the invention is limited only by the claims and 

the invention encompasses numerous alternatives , modifi 
Performance may be important to consumers in evaluat cations and equivalents . Numerous specific details are set 

forth in the following description in order to provide a ing a modern software product . For example , the end to end 
time an application takes to perform certain operations 10 thorough understanding of the invention . These details are 

provided for the purpose of example and the invention may and / or tasks , referred to herein as “ transactions ” , may be be practiced according to the claims without some or all of considered to be an important performance metric . Typi these specific details . For the purpose of clarity , technical cally , performance testing may be performed during the material that is known in the technical fields related to the product lifecycle of a modern software product , to ensure 15 invention soutware product , to ensure 15 invention has not been described in detail so that the 
and demonstrate that the software meets stated performance invention is not unnecessarily obscured . 
goals . transaction management system configured to perform 
Most software uses a user interface to interact with human automated software testing is disclosed . In various embodi 

users , e . g . , to receive user input and / or display information . ments , the transaction management system trains an image 
Web - based or other display page - based graphical user inter - 20 classifier to detect a screen image and / or portion thereof that 
faces are common . For such software , an end to end trans - is associated with the end of a transaction to be tested . 
action may start from an operation initiated through the user During testing , screen shots are captured , e . g . , at a fixed 
interface and end with a change of the user interface , such interval , and an end of transaction time to be used to 
as to display a result , stop displaying an “ operation in compute the time required to complete the transaction is 
progress ” animation or other indication , etc . Measuring the 25 determined at least in part based on a time , such as an image 
response time of end to end transaction manually can be a file timestamp , associated with the earliest - taken screen shot 
very time - consuming and monotonous work . image that is determined by the classifier to match the end 

of transaction . 
BRIEF DESCRIPTION OF THE DRAWINGS In various embodiments , the transaction management 

30 system may be used to manage software / application testing 
Various embodiments of the invention are disclosed in the projects , including the transactions required to be per 

following detailed description and the accompanying draw formed . For each transaction , a screenshot tool may be used 
ings . to capture the user interface display content associated with 

FIG . 1 is a flow chart illustrating an embodiment of a the end of the transaction . For example , the home page of an 
process to use screen shot images captured during testing to 35 application may be rendered after the “ login ” transaction has 
perform software testing . been completed . 

FIG . 2 is a diagram illustrating an example of transaction In various embodiments , a human tester may generate 
beginning and ending user interface pages . manually one or more reference screenshots for each trans 

FIG . 3 is a flow chart illustrating an embodiment of a action to be tested . The reference images may be associated 
process to configure a transaction management system to 40 with the corresponding end of transaction condition and / or 
detect a transaction end condition . may be used to train an image classifier to identify screen 

FIG . 4 is a flow chart illustrating an embodiment of a shot images that match the end of transaction condition . 
process to perform software testing using user interface In some embodiments , a user interface element detection 
screen shot images to detect a transaction end condition tool , such as SikuliTM , may be used to identify within a page 

FIG . 5 is a block diagram illustrating an embodiment of 45 a user interface control or other element , for purposes of 
a transaction management system . training the classifier and / or processing screen shot images 

taken at fixed intervals to detect an end of transaction 
DETAILED DESCRIPTION condition and associated time . 

A script recording tool such as SeleniumTM may be used 
The invention can be implemented in numerous ways , 50 to record the test procedure for each transaction . For 

including as a process ; an apparatus ; a system ; a composi - example , the end - to - end procedure of a login operation may 
tion of matter ; a computer program product embodied on a be recorded . Each script should output the start timestamp of 
computer readable storage medium ; and / or a processor , such the transaction . The script for each transaction will be stored 
as a processor configured to execute instructions stored on by the transaction management system . 
and / or provided by a memory coupled to the processor . In 55 After all the preparation work is done , the transaction 
this specification , these implementations , or any other form management system will trigger the test execution procedure 
that the invention may take , may be referred to as tech - through a script execution engine , such as SeleniumTM . 
niques . In general , the order of the steps of disclosed During the execution procedure , a screen capturing thread 
processes may be altered within the scope of the invention will be execution at a certain interval such as 500 ms . For 
Unless stated otherwise , a component such as a processor or 60 each transaction , associated screenshots may be stored to a 
a memory described as being configured to perform a task folder corresponding to that transaction . 
may be implemented as a general component that is tem After the execution procedure , a graphic match engine 
porarily configured to perform the task at a given time or a such as Open CV may be used to match each screenshot with 
specific component that is manufactured to perform the task . the screenshot prepared in the above step for each transac 
As used herein , the term ' processor ' refers to one or more 65 tion . A user could define different match strategies . For 
devices , circuits , and / or processing cores configured to example , if the match score is higher than 80 ( the score is 
process data , such as computer program instructions . based on the parameter tuning of the graphic library such as 
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Open CV ) , then there ' s a match . A match also could be portion ( s ) thereof are identified ( e . g . , by a user who initiated 
defined as having been found if a screenshot is or matches the transaction manually ) as being associated with the end of 
a ( corresponding ) part of another screenshot . After a match the transaction , and are used to train an image classifier to 
is found , the earliest taken matched screenshot is considered recognize corresponding ( i . e . , matching ) image content in a 
as the end of the transaction . For example , the timestamp of 5 subsequently evaluated screen shot image ( 306 ) . 
the earliest - taken screenshot may be used as the end time of FIG . 4 is a flow chart illustrating an embodiment of a 
a transaction . The response time is computed by subtracting process to perform software testing using user interface 
from the end timestamp the start timestamp stored by the screen shot images to detect a transaction end condition . In script execution engine at the time the transaction was various embodiments , the process of FIG . 4 may be used to started . implement step 104 of the process of FIG . 1 . In the example FIG . 1 is a flow chart illustrating an embodiment of a shown , for each transaction to be tested a corresponding test process to use screen shot images captured during testing to script is run and the start time of the transaction is recorded perform software testing . In the example shown , process 100 
includes a step 102 in which transactions to be tested using ( 402 ) . While the transaction is being performed , screen shots 
techniques disclosed herein are performed . e . g . manually by 15 of the user interface page ( s ) are captured , e . g . , at a pre 
a human technician , such as a test engineer , and in which for scribed , fixed interval ( 404 ) . The series of screen shots so 
each of one or more transactions a corresponding set of one generated are processed , e . g . , by an image classifier , to find 
or more images , such as user interface screen shot images , an earliest - captured image that matches the transaction end 
associated with the transaction end condition are captured condition ( 406 ) . A timestamp associated with the screen shot 
and configured to be used to detect a transaction end 20 determined to match the end of transaction condition is used 
condition during subsequent testing . For example , in an as an end time for the transaction ( 408 ) . The previously 
administrative user interface and / or environment , a test recorded transaction start time and the transaction end time 
engineer may be provided an interface and associated func - determined in step 408 are used to compute an end - to - end 
tionality to manually initiate a transaction , receive a screen execution time for the transaction ( 410 ) . 
shot image of a resulting end of transaction user interface 25 FIG . 5 is a block diagram illustrating an embodiment of 
page , and select either the entire image or a portion thereof a transaction management system . In various embodiments , 
to be stored in a set of training images to be used to train a the transaction management system 502 of FIG . 5 may 
classifier to detect corresponding image content in screen perform one or more of the processes of FIGS . 1 , 3 , and 4 . 
shots generated during subsequent iterations of the test . In In the example shown , transaction management system 502 
step 104 , scripts are run to perform automated testing of the 30 includes a test script recording tool 504 configured to 
application or other software , and screen shots generated generate a test script for each of one or more tests to be 
during a transaction that has been initiated by such a script performed . For example , user interface and / or other inter 
during testing are used to detect a transaction end condition actions that occur in connection with a manually initiated 
and associated time , which is used as a transaction end time transaction may be recorded and a test script generated to 
to compute an end - to - end time required to complete the 35 replicate the same interactions . The resulting test scripts are 
transaction . stored in a test script data store 506 , e . g . , one or more files , 

FIG . 2 is a diagram illustrating an example of transaction etc . A script execution engine 508 is configured to run the 
beginning and ending user interface pages . In the example test scripts 506 . In various embodiments , the script execu 
shown , a “ Welcome ! ” page 202 is displayed . Page 202 tion engine 508 may be configured to record a transaction 
includes text boxes and associated prompts to enter a 40 start time for a transaction initiated by a script and to prompt 
username and password , and an associated user - selectable a screen image capture module 510 to capture screen images 
control 204 to “ Login ” . In some embodiments , a " login " at a fixed interval during performance of a test / transaction . 
transaction may be considered to start upon selection ( e . g . , Screen image capture module 510 may also be used , in some 
by click ) of control 204 and to end upon display of a home embodiments , a test preparation time to store in screen 
page 212 , as shown in the lower part of FIG . 2 . In the 45 images data store 512 one or more reference ( training ) 
example shown , home page 212 includes a displayed “ suc - images of a user interface page in an end transaction state , 
cess ” message box 214 comprising text in an associated to be used to train image match engine 514 to identify a 
basic shape ( in this example ) displayed centrally on page matching image from a series of screen shots or other screen 
212 . In addition , a number of home page controls 216 are images captured during subsequent testing . 
displayed in a side bar portion 218 of page 212 . In various 50 Image match engine 514 may be an OpenCV or other 
embodiments , screen shot images of one or more of the Haar image classifier . In various embodiments , during test 
entire page 212 and / or one or more components distinctively ing , image match engine 514 determines an image that 
associated with page 212 , such as message box 214 , controls matches a transaction end condition and provides one or 
216 , and / or side bar 218 , may be designated to be stored as both of an identification of the image and an associated 
a reference image to be used to train an image classifier or 55 timestamp to the script execution engine ( or a separate test 
other component to detect corresponding pages in subse - results generation module ) to be used as an end of transac 
quent , e . g . , automated , iterations of the “ Login ” transaction . tion time for the associated test . The script execution engine 

FIG . 3 is a flow chart illustrating an embodiment of a 508 ( in this example ) uses the timestamp associated with the 
process to configure a transaction management system to earliest - taken screen image determined by the image match 
detect a transaction end condition . In various embodiments , 60 engine 514 to match an end of transaction condition and a 
the process of FIG . 3 may be used to implement step 102 of transaction start time recorded by script execution engine 
the process of FIG . 1 . In the example shown , a transaction 508 when the script initiated the transaction to compute an 
to be tested is initiated ( 302 ) . In various embodiments , the end - to - end performance time for the transaction , which is 
transaction may be initiated manually or programmatically , included in test results stored in a test results data set 516 . 
e . g . , by a test script . A screen shot of at least a portion of a 65 Test results 516 are used by a reporting module 518 to 
resulting user interface page associated with the end of the generate and provide ( e . g . , display ) a report reflecting the 
transaction is captured ( 304 ) . The image and / or selected performance time computed for the transaction . 
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In various embodiments , transaction management system There are many alternative ways of implementing the inven 
may be implemented on one or more servers or other tion . The disclosed embodiments are illustrative and not 
computers , each comprising one or more processors and one restrictive . 
or more storage devices , such as memory or one or more What is claimed is : 
disk drives . 5 1 . A software testing method , comprising : 
One example embodiment comprises a software testing training a programmatically implemented image classifier 

system comprising a memory and a processor coupled to the to recognize a screen shot image as being associated 
memory . The processor is configured to train a program with a transaction end condition of a transaction ; 
matically implemented image classifier to recognize a screen running a test script configured to initiate an iteration of 
shot image as being associated with a transaction end 10 the transaction ; 
condition of a transaction , run a test script configured to recording a start time of the iteration of the transaction ; 
initiate an iteration of the transaction , record a start time of causing screen shot images to be generated during per 
the iteration of the transaction , cause screen shot images to formance of the iteration of the transaction to capture a 
be generated and stored in the memory during performance series of screen shot images of at least a portion of a 
of the iteration of the transaction to capture a series of screen 15 user interface display associated with the iteration of 
shot images of at least a portion of a user interface display the transaction ; 
associated with the iteration of the transaction , use the image using the image classifier to find an earliest - captured 
classifier to find an earliest - captured image that matches the image that matches the transaction end condition ; and 
transaction end condition , and use a time associated with the using a time associated with the matched image as a 
matched image as a transaction end time to compute an 20 transaction end time to compute an end - to - end time to 
end - to - end time to perform the iteration of the transaction . perform the iteration of the transaction . 

Another example embodiment comprises a software test - 2 . The method of claim 1 , wherein the image classifier 
ing method , comprising training a programmatically imple - comprises a Haar image classifier . 
mented image classifier to recognize a screen shot image as 3 . The method of claim 1 , wherein the image classifier 
being associated with a transaction end condition of a 25 comprises an OpenCV image classifier . 
transaction , running a test script configured to initiate an 4 . The method of claim 1 , wherein training the image 
iteration of the transaction , recording a start time of the classifier includes initiating an iteration of the transaction 
iteration of the transaction , causing screen shot images to be and capturing a screen shot of a result end of transaction 
generated during performance of the iteration of the trans - display . 
action to capture a series of screen shot images of at least a 30 5 . The method of claim 1 , wherein screen shots compris 
portion of a user interface display associated with the ing the series of screen shot images are captured at a fixed 
iteration of the transaction , using the image classifier to find interval . 
an earliest - captured image that matches the transaction end 6 . The method of claim 1 , wherein the time associated 
condition , and using a time associated with the matched with the matched image comprises a timestamp . 
image as a transaction end time to compute an end - to - end 35 7 . The method of claim 6 , wherein the timestamp com 
time to perform the iteration of the transaction . prises a timestamp associated with an image file with which 

Another example embodiment comprises a computer pro the matched image is associated . 
gram product to perform software testing , the computer 8 . The method of claim 1 , wherein the end - to - end time is 
program product being embodied in a non - transitory com - computed by subtracting the start time of the iteration of the 
puter readable storage medium and comprising computer 40 transaction from the time associated with the matched 
instructions for training a programmatically implemented image . 
image classifier to recognize a screen shot image as being 9 . The method of claim 1 , wherein the image classifier is 
associated with a transaction end condition of a transaction , trained to recognize a characteristic element comprising an 
running a test script configured to initiate an iteration of the end of transaction display page . 
transaction , recording a start time of the iteration of the 45 10 . The method of claim 1 , further comprising providing 
transaction , causing screen shot images to be generated the computed end - to - end time as a test result associated with 
during performance of the iteration of the transaction to the transaction . 
capture a series of screen shot images of at least a portion of 11 . The method of claim 1 , further comprising providing 
a user interface display associated with the iteration of the the computed end - to - end time as a test result associated with 
transaction , using the image classifier to find an earliest - 50 the transaction . 
captured image that matches the transaction end condition , 12 . A software testing system , comprising : 
and using a time associated with the matched image as a a memory ; and 
transaction end time to compute an end - to - end time to a processor coupled to the memory and configured to : 
perform the iteration of the transaction . train a programmatically implemented image classifier 

Techniques disclosed herein may be used to conduct 55 to recognize a screen shot image as being associated 
performance testing using minimal resources and without with a transaction end condition of a transaction ; 
using resources of the browser itself , which could affect the run a test script configured to initiate an iteration of the 
performance of the application under test . The resources that transaction ; 
may be required to conduct event - based detection of the start record a start time of the iteration of the transaction ; 
and end of a transaction are not required , and typically no 60 cause screen shot images to be generated and stored in 
changes to the source code of the software being tested the memory during performance of the iteration of 
would be required , as might otherwise be required to add the transaction to capture a series of screen shot 
instrumentation code to the application source code , for images of at least a portion of a user interface display 
example . associated with the iteration of the transaction ; 

Although the foregoing embodiments have been 65 use the image classifier to find an earliest - captured 
described in some detail for purposes of clarity of under image that matches the transaction end condition ; 
standing , the invention is not limited to the details provided . and 



US 9 , 946 , 638 B1 

5 

10 

use a time associated with the matched image as a training a programmatically implemented image classifier 
transaction end time to compute an end - to - end time to recognize a screen shot image as being associated 
to perform the iteration of the transaction . with a transaction end condition of a transaction ; 

13 . The system of claim 12 , wherein the image classifier running a test script configured to initiate an iteration of 
comprises a Haar image classifier . the transaction ; 

recording a start time of the iteration of the transaction ; 14 . The system of claim 12 , wherein training the image causing screen shot images to be generated during per 
classifier includes initiating an iteration of the transaction formance of the iteration of the transaction to capture a 
and capturing a screen shot of a result end of transaction series of screen shot images of at least a portion of a display . user interface display associated with the iteration of 

15 . The system of claim 12 , wherein screen shots com the transaction ; 
prising the series of screen shot images are captured at a using the image classifier to find an earliest - captured 
fixed interval . image that matches the transaction end condition ; and 

using a time associated with the matched image as a 16 . The system of claim 12 , wherein the time associated transaction end time to compute an end - to - end time to with the matched image comprises a timestamp . 15 perform the iteration of the transaction . 
17 . The system of claim 12 , wherein the image classifier 19 . The computer program product of claim 18 , wherein 

is trained to recognize a characteristic element comprising screen shots comprising the series of screen shot images are 
an end of transaction display page . captured at a fixed interval . 

18 . A computer program product to perform software 20 . The computer program product of claim 18 , wherein 
testing , the computer program product being embodied in a 20 din 20 the image classifier is trained to recognize a characteristic 
non - transitory computer readable storage medium and com element comprising an end of transaction display page . 
prising computer instructions for : * * * * * 


